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[sw^i ] w.m<omt£zmk<D%Mn*-&A,im.m.$> 

B9lE«&©i&|§:)£©5 ^©4>& < <t 1 1 -3©asa3fetc*f 

or mri2Mfni-sf£m§T c t *$mt -r h v>tt 
HfrfB7v>ififi§«. B>ne^©^Gji^a-riii§ffr 

[fE^©f**£B£c|&HJ!] 
[0 00 1 ] 

[^©^l^-SS^»»] zmwi*. (WD 
M) «^4itifib^*i6*«ie^-rs*fiiil^*$j: 

ffifciiB-rsfc©-?*-*.. 

[0 00 2] 



(2) #1320 0 3-3 2 1 9 3 

2 

K. xjWe^AF-T^WtiiMS (EDFA) # 

[0003] 7-7>^|g©fij»ttiKSfic#tt*5^Ci 

^^.{f. S^Y.Bnori, et al., "lOOnm banctoidt 
h flat gain Raman amplifiers pumped and gain-equal 
ized by 12-wavelength channel VCM high paver laser 
10 diodes ", OFC"99, PD19, 1999. 5¥CCfBlS£ft;fc-5 V 
^JteSTtt. ®e*>'-f'7-*jJ:^©^fi^S ; SriaS 

0 0 nmmg.&mULX^2>. . 
[0004] 

w&oft&m&mxm&m-rzmimnzzm^yticm 
SiLxmrn? ^citcjr^r. ^^©^feesisa^m 
20 fw©-f sesfis#*n£ftTi,>s. c©i®^©^fi-^*i 

m#3K«:agt-^!Se*©^a£L/r«. m«. EDF 
1 0 M b / s g&tcSStS ft. -ecil^i 5 %U 

[0005] ±ie© j; 5 ttf^osKHai&ffi*. as 

■«tt#3MjS«>6tir(,>4EDFA*J:0f5v>Jt(ls*fir 

30 A{C»Lra»f S»#**jt44. «MH»C£ft-* 
*fcMK-5:«rffitt % E D F AOttB%«K9Ui#(Cf£ 
oT^"J-£:#ffift:t*«:|E6ft£fc©"ettft< t <fct)ja 

[0006] *IH8«±ffi©*K:«S LXts; Sftfcfc© 

■c, a^©^es^sra-c^m^*is^i(i-^*^v 

[0007] 

DMfi*6*ti»©*ea«nBreasr4iftcc. % 



3 

it mmmmto 5 %<o'ptz < 1 1 1 
[0008] frfrzytmmjsm< l cj:titt. S£#©e d f 

A©&t§:ft£fiJfl§-r£t§^©J: 5 KWDMff^OiRI 

r. im«#*ss-r 3fces£8S©*5*a£s 
fcrs©#s* u>. i^ism^fia-ri 
fcws^ej^ss©^^. ffe©j@j^©jgs(c*fr£;L//c 

£«fc5tc. 1Sa©ffli4a3fecD^^*>6a!R-r5Ci*iBjt6 

cooo9] ttc. ffiftvtcye&mimz* #e&s§* 

fs^3fe©-ss* . ^mm^<omm. $ n fci&jta3fc©&ft cc 

mtv a )i>* commit* m^xmm^z&m? 

mm-comm^oem* «t vmmicn 5 c 4#njfi&&c 

[0010] 36ic. jdasu/t^e^^Sfcoc^-cis. 
«rs©*eii^s*.6e^e>tx-ssi?s«-^%^wu. & 

tfcfflL/cgme^£jqiE£T*?c#©WEE<i-5t*. 77> 

ifii^«:#^-r4^s©g^^a^©^^-c. fr® 

©3fc{££ilS#' eoSMfiWllS tiftJMBXCCttiS 

■rsiaiia*K:3taT4J:5(cLTt>«fcc». jnitr. wee 
s©5feesi$ia(csi€,g^m#=£rfia-r -s j: 6 tc or *> 

s. 

[0011] ±jei/fc«fc9tt*ea3!rffi«. t-*>*wi 

[0 0 12] 

[|6W©IU6©?gJ»] fclT. #f£iE©5Ute©fl5S§£EE 

fcor. *7v>mfliISi 0(j. ifcg©gfc.5JS)jta3fcP 
l~Pm£%£Tr£®jg3t|S£gpi 14. SJgj^Pl 

J&fS^&SIl 2 4. 7 7>tfifi}£<*i 3K«JJh5 
®i§ytP 1 ~P m©5 -fc©4>ft < 1 4> 1 o©J&e3fcK:E 

ia«#*sa-r*i£5ia<t#fiagi5i 44, zmz.. 



C3) ^2003-32 1 93 

4 

1 3 *ete-T2>WDMM#36 ( C cx-\m& 

<ont£Z>%m^s i~sn^t?t>©4-r-s) *77> 
wb or mar sawrc * 5 . 
[0013] asttjfe^as 1 1 b. 2 cos**- 

Stc. jftg©S££ae)fcP 1 ^Pm*Mf itctixo 
(LD) 1 1 A 1 ~l 1 A.*J«fcCffga&lslSS (D 
RV) 1 1 B,^l 1 B.4. S®e3feagl 1A.-1 1 

-CttttrTS^ttSl 1C4. CCTB, Wit 

10 iiidia^ag 1 1 A.«lwrsiBIMenB 1 1 B.tefctt, 

mSM-^tcSEorlittllSSi l B.-c^S$nsig8&m 
%PSBI3*-i*e4fcj:r) > niS3Wl lA.r»ftt 

sai©fePm{ciaaM#36ififi3n4. a*, mtmn 
*ss-j-&OiB%tt. ju^PmtciR&ti&tcD-cRtt 

s «t 5 (c3teaiK©»^««Fi4«:i& eTacefcww- 

20 [0 0 1 4 3 &ffl«g36P l~Pm©ifcfiA, 1 ~~A, 11 tt. 
00.*.{iig3©&5£0K:*nT<i:7{C < 7-7>fUf#G 1~G 
m*J**K:&SjgEgj&s. a«i3fc©jgSA P1 ~A,.J:iD 1 
3. 2THz/hSC»aaSR(CfirS-rsC4(cS'3l>'C > 
S^t©JSie*P l~Pm*i||*^to-SSC4{C<fc»J. W 
D M{f#7te©&S^i^ A „ ~ A , . (CM o T ft 5 T 

§SSl*a*P l^PmOA-y-B, CCrii7-7>W§^ 
f*l 3**tf3feeSI85©«^iffiS4#tt*#«l/-C. 03 
©£Wfc^-rJ:^CC-€-ti^n5BlE$n-Cl,^„ 0^L/c 

4-«^crs4#tt*^-ris^«:S5t)e;-r4«>©-c*»j, s?g 

WDMft#^©Sf*^^A sl ~Asn«:oi»r. .to^ffi 

[0015] ffl|a*%$gB 1 1 ©^&|g 1 lCW-jt 
^•K3n/cS^S©ae^p l -vpmu, %&&3&±.iC 

40 f&sti. ccr«iai «C7n-r«fc^«:WDMfi-^©(5jll 
^isj4«js»^rifi]«:esa[rs. -eL-r, ig*pi~Pm 

©«*&3ti/c7V>ifi|ii^(*l 3«WDM@W£JI 

9T7v>*mi3ns. c©4#. a^Pmtcits 

ffJffGm (cSEo "CiJCie^S tii jgg A 5 . (tia©S^S 

iiJ©3tm-^{c©*ss3n4. cntcjrf). 

7-a *«iafr **36eas«BiB"cwD Mfi^* 7 v > 

50 l5j^Wft>n-5«fc^(C^S. 



(4) 
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[0016] @4tt. 01©vv>ifig§i 0£3fctf>J£ 

ytm^S 1 ,S 2 -,Sn£^7dWDMfg-5f7fc#. 3fe 
jtfftigJi 2 0 0 ^63feSft^3 0 0 {C7fee^lK4 0 0 

t,r smztiz. *e^4oo±KB, 0 
©*«MPi-cieg3<i t 3feeitgS4o o^esisn-sw 

«c*J. C C -C»3lc^m^ 2 0 0. 1 0 0 *s 10 

C0017] ^iHftffig2 0 0 tt. «*« v 3fti#S 

1 ,S2 ,-,Si\*£jfc?Z>n®<Dftmm& (E/O) 

2 0 1 4. S3fc^ffg2 0 1^6tiJ^3n5*ffS 1 
~Sn£-g-&l,-CUi;£rr££j&ii2 0 2 4. ^£§2 0 
2 *> £ fflTj $ ft £ W D Mfg-*t7E£j?rg© U^l^ -eittfi 
•Ti*^ f-T>^2 0 34. jKX h7>:72 0 3£/e0 

r«««#**«#*«:mw* s viHtSB2 o 4 4 * 

W-f ±fS©#X h T>72 0 3 4 LTtt. ±&©0 20 
1 tC^L//c5-7>ifitIgl O^rSffiL-C, ^y>tfig;a 

©©*§#«: s v jsntss 2 o 4 #> 6 oKta<t#%s«-r -s 

£9tCl/C6J:<-. S/cJi. f£*4R|«(cEDFA*jii 
fflOT. EDFA©BiB*(cSVaifliap2 0 4*6©K 

[o o 1 8] s^nim oo«. mz.n®5tc7jk?j; 

5tc, &$31©fltofc*WrS E D F A 1 0 1 4_kj£©0 1 
CC^ LtcMttnf$,&&T2> =7 v >JfMlg 1 0 4 0 

r. *eai84oo*^L'ca6n , c<iWDMfi'9* 
*W^©u^;i/Sr*iifs^-5fe©4f.2. 0 fttttfjcta:. 30 
ED FA 1 0 l©B?faK:5v>igi{Igl 0£E»U 7 
■7>ieiSSnfcWDM<l^*EDFAl 0 ltC«fc-?T 

m&m 2oos fc«mis©^«f sts i o o cc*j^rsm 

10 2. IbV -f 1 0 3 fcJctflSlfl^fliaiSB 104 

*5§**«gi o ortfcswens. 

[0 0 19] ft*?^ 1 0 2tt. 09*.tf. jltill 0 
0©A?JJ^4 7-?>W<mm 1 3 ©IHJtt 4*(C«iA3 
*l. 3fr££B§4 0 0*»e.3fe*«ISl 0 OCCA^SnSW 40 
DM*!^©— gB^ttLTTc? ^Jbdf 1 0 3JCHtfj-f 
•5. 3fe7^;U^l 0 3tt, 36*^71 0 2 ftfc 
WDMfi-^c*>.p,, Sm<t-^©fig$n/cffl4a3fe (02 
is£Zfm3<Di9>mm-Cttmm%:Pm) ©ifcB{C*fl£;t,fc 

**u»* 1 o 4 (cm^^-s. ntJMt-Jnawas 1 o 4«. 

j/ty -f l o 3 -CJfitHSft/cfcfl-sf*. c c-c«Sin 
llShTl>S!a)Ht%tttBf4. Etft«-^filWSB 1 

0 4-c^di$nfciita<t^«. ftroeostaMnnctti so 



1#l§20 0 3-3 2 1 9 3 
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/B3*iS4ftcc. ^v>tf$asi o©^ta«#a^i 

4K£x6*i3„ 

[0020]^*j. 3£tfr#lgl 0 0 4LT. EDFA1 

^tc^s^et^^^-Atcfflc^ns^^s^© 

*6^«iibt». ^^>ie?i§l O/cW^J^OT 
ft#3fe©if$I^f^«fiS4-rS{:4tDJtg-r*S 0 3£§ 
flis§^3 0 0tt. tt. 3feeglSS4 0 0*>6^6n-C 

^yr>^3 0i4. ^>;7>^3o l-cituisnfcw 

DMfg^fc&j&gOTfra-if S 1 — S nfC^fca^) 
•T-S^S3 0 2 4. ^iSS3 0 2*effl^?^£S3fc 

Msi-sn ^ft^ftsma&sf * n mom&mWi 

(O/E) 30 34. 7'JT>73 0 l#>6#ig§3 0 
2 fC^etl£WDMfs#7fe©— U*ftmrZ>3bi]7v 3 
0 4 4. 3fc#^3 0 4©^3££fflt,>TWDMfI-Sf3fc 

^fis$nfc^m©#^tb-rssvs«gB3 o 544 

W-T-S. ±fB©7 , UT>7'3 0 1 . ^-jgS3 0 2*j<fciyc 

^?fes«s3 0 3ii, mzoyt&immicm^iitiTi* 

€.*>©4|^ai-C*S. 36*^73 0 4B, B5^©^tfi8t 

Si oortfca:Wc**7"7i 0 2tc*ffc;-r-5fc©-c& 

0. SV£«g|53 0 5 (J. *"fi§10 0^O«7^l/ 

* 1 0 3 fc.ttfiaaM-sf&asii 1 0 4 tcsfjcSLfctafig* 
[0021 ] ±ia©«fc 5ts:mm*m-rzwDMy£&Mi' 

^■f-A-c«. 0 0©&)fcanifl2 0 1 

«£S ftfc&i&g©^-*! Sl-Sn *5^&H 2 0 2 rift 

&&mztix#z hr>72 o 3«:j|i6n-s„ ^xhr 

>^2 0 3-Ctt, ^-SS2 0 2A^6©WDMfi^*iit 

i3n£45ft«:. svmm&2 0 4*>i~>(Dmmmm 
£j£$tixft&w&4r o o fc^sn^o 

[0 02 2] #££884 0 0 K&HStt/cWDMft-^fc 
«. ^itttSl 0 0«:§iBi-f£4. 9^>*t«Bl OCC 
^ens4*K:. •?•©— $&tMtU7v 1 0 2-C^$tl 

«. 200 -cmmmmmmiLtcmm^si.^ 

#7 -f.il/* i o 3©aiS3fe«. 

^fflSBl 0 4CC3t6ftT. 3^m«^2 0 0*>6©l£m 

^©^w^a^ffcns,. ^-b-r. ^md^tbaji 
o 4 ©tfcm*§s£* jffl ur7fc*«is i o o <owt&fflm 

[0023] tc7 ^ 1 0 3 ^lr>tg^f^ 

j sr^/cigs3fe*ffla-rs«fc^{cL/c©«. mmmo 
>tt$iffl©aie#<i:*jflab?£:iitam#©sa-c«. 

g^JH4%-S/cJsi), 7c*-7"7 1 0 2©^#?r#7 

* 1 0 3 ^tCi tt < M?am-^©t£ffl4fliifCJ3(,>.S 

4, iaam^-*5«M$tirt^«ctiS?s3t*!*i : i : j|g^'4Js 
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itv i o 3*m^xm8Lm^<£A,tc.m&ib<D?> 

[ 0 0 2 4 ] 1 0 2 SriijSLT 3 l 

0(C^P,ti/cWDM<t#3fe«. SjiSftP l~~Pm#&*6 

COtt. Sl^p l~Pm©5^©JSbia7cP 
mtcti. ^IM-^Sggpi 4-C*(iS3nfc^afi#JiiS 
aSttTOT. C©®f|fl#PmtCttj&l.fc^v>;flj?#?£ 
UStC^-f Sifig^l^CDW D MM^tC±IB©^m-^ 
tffiaSfiS. JbiB©I£ffi{s-S|:£agB 1 4t?ifejjX<*ft-S 

iai<s-^tt> n*jm#tamas 1 0 4-c^asn/c3i£^Hi 
mm 2 o o *>6©gt&d-st/ifc»s:iqjji-r 5 t pjssit. & 

18©3fc*«3g 1 0 0 CC£*£g*jitt$8£7Kf <I-*t-C& 
[0 0 2 5 ] I£i&fI-S|aia3S*l*WDM«-it3fc 

fjnt-jf©fia* «t »3 ja^wKtf ^cims. t sc *> 

&U?£ttft<|&&*-*-&ft:aE>fc:tt > *©&g?(?ig{{c*f 

•TSi, 09*«. 1. 5 5 jumST (C^> K) ©WDM 
{g#3fr&#;S.;fct§^ O HS©15»T3fe7 r ■< 
©»£#*& < ft* 1 . 4 tf mtti5©3§&g^£MW 
t. tt!5W*i*©>h$t^«Wtc5v>ifij^jg^}to 

gjKSffl'JcaeTfe^itifi-rSCi (pump to pump) 
[0 02 6] Sfc. CCC«SiTg:©^S*>6e^^*T,S 

nnfi-ts-jiwEu f^s©«g{ce^.s^tatf« 
*w-riHafli*F*iEafi^wH8 1 4-c^lt. mc 
ttftoasBX < p m > tcssmm^srsa-r * ^ 5 «c c r 

«-9*«ir«abie36*«)»)e**c i fc we**. 
saa(t^*sa^-5«fc ^{c-r s. 

[0 027] ±gB©«£ 5 tCL/T^^S 1 0 0fS©7 



(5) 1f§a2 0 03-32 1 9 3 
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©©e d f a 1 0 1 icmbti-cmmztitc&ic. 

8S4 0 0{Cffi^j3na. *L-C> JJRMfetmWci, 

x&fttpm&i 0 o-cjmcctfiti^igteiisn/cWDMft 
7c§{us&^ 300 K.mmt si, :r y r >zf 3 
0 1 (eg 6 tiring© testis. ^yr> 
7*3 0 1 -cJtitisn/cWDMfi^i^ #i£g3 0 2 «: 
^^.n-csTfem-^s l^snK^isjnsistc^ -e© 

-85*i?fe* ^ 3 0 4 -C#&<* nr S VSMSB3 0 5 (C 
10 [0 028] SV§mSB305-Ctt. **^73 04© 

©©**ffisi o ofrzomm^<D&mfim&'ift>h, 

3. -ei/T. SVSft953 0 5©^ttiiSm*^L/r36 
S<fSSUi 3 0 0 <Dmfti)Wm$tiZ. t© J: 5 (C#WD 

mm-^ita-rs c <t -c. syttesmsMx-zmm^z 

jSSft-Cir-5J:5{c>sr). fi£*©E D F A©S&jtaft*;fiJ 
fli 0?t*§^© «t 5 fCWDM<l#3fe©jKg^^^(c^|S 
20 «#*Sa3-tf4^*i/j:<^4/cfe > ®e5aj^©ac» 

i&gia-c. s**©m^i«#©ma*?f ^ct*spjte 

S36e^^gra^?©Ktgfi#©e** «fc sg*{cff ^ c 
t-tfioimtcixz. c©j:9*ntaft#©ein^{j v ^ 

^ ^ a $ interna fc*f js-r scim 
ware**. 

[002 9] ±^Lfc*Mfl5Sgr«. 
30 §ioi u-c. KS©S^S«»©ja«a^^7v>ififi 

•J*. #-©?6fi©i@i|a^^7v>iiiti^K:fl«&-r.Sfil 

« t ^ -7 Vipl jgfl; 1 3 *7fecp«IS 1 0 0 rtKEHL, 
fc. t^»9)***7V>tii|iiS©^*0!l^Ufc^. t£ 
0 0{C^$n.55l6G^ISS4 0 0€-7V>Jtipi 

[0030] 3W!l0i»riB5%Lte*ttlW!«:oi» 
40 rWTfc$ii*s. 

[003 1 ] (f^fB 1 ) &S©Jt&£1«ife© 7 fcfI-Sf * 

^^fc*^gg^^s^g•^fe*s»©^eaKg(fflreii•r s 
ct«te-r sas^caa-r 4 c t *&w.t t z •? >m 

[0 03 2] (f=tfB2) ttfBl{ciB$S©7-7>lii|ii£ 

50 fflufc^ein^-cior^ m&?-?i<mmMmc&& 
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[0 0 3 3] (#133) ^B2{ClBi8©5-7>tfffl^ 
[0 0 3 4] (#124) fllB3CCfBiS<D7V>tgil5: 

[0 0 3 5] (#135) #iB2(ClBt£<D7-7>JfifI^ 

yt<o— gp*. s«riBiiii^oaB$n?c®isa^cD?ss{c 

A ^£©ffiil:7££fli^TiiyfB^Jifi#£|fc 
[0 0 3 6] (#136) #132 KiBK©7 v>ffi>i£ 

S©it& £ffljig3£© 5 %-v . lalBH«S©3l&ejM«g*. 6 
[0 03 7] (#13 7) #gB6fCi3*g©7-v>ffifI^ 

[0 0 3 8] (#138) &S©li&£«&©7fc{i-St£ 

•c&o-r. BtrfB^v^itifisa. mrfaa^cD^e^a 
zmmticms.? z m&m^mgtgn&^ts c £ zmi £ 

[0 0 3 9] (#139) #I38{CfB|g(D7lceai>'X^ 
S&g©S& ^aSi^© 5 %<D'pt£<. £ <b 1 o©®^ 



(6) #^2003-32 193 
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[0 04 0] (#fB10) #fB9{Ci3^©7fee^f^ 
xATifcoT. fifsBSSMi-JffiSgKJ, iaf33fc£i£3g© 

iii&%ftttttcc£-3c»-c. ioiagimft^^sa-r-saia 

[004 1 ] (#134 1 ) #IB 1 0 Kf3*S©3fc£j^> 
^TAtft-,r, iulB^mfi-^figgptj, BOfBStS^ 

io >«^^{c*jwsBiriB3fee^38©aife*sffl*fa<j«:/hs 

[0042] (#13 1 2 ) #139 «HB*g©pfeeiH->^ 

^rsnt. ftriB^e&sgitt. mi&t&mfribm 
t> ti z =7 v >tgifri $ n/cjgs^sffi#»D— gp^^-ig-r 

©jKa5fe*«i»rB«i3i£ts«#^«iai-r-2>gia«^m 

[0043] (#13 1 3 ) #13 9 tClBig©^^;* 
^A-e&o-C. mrlB^^^ifitlgdJ, mrl31S^©3feejll 
%m.ffl(D&<PMmffl kj£ t; rlgifcgw 6 ti £ £ * . 

BtriB5-7>lfil@^(c^3n.2>?gS©^Sf6|a 

^© ^ % -e. Hui3fuS:©*feiMKS*> e»©His«-^*ss 

30 [0044] (#IB 14) #13 1 3 {Cf3tt©3fc£jH^ 
«. ^!8©3l&G^a«:^-5KU<t#*. l5S3«lBEm# 

[0045] (#i3 1 5 ) m&ytzmi-rzmweM 

* z>®&&mmm>t* => v * 5 v & 
ot:. ffriBjeg^aft-^«re^i-r€,«s©*e^^a 
40 Tin sft $ n s iaam-^* , fri3®i§3^*sp*^H«iB 

fcmg-r s^a(t#s«gB^tf c £ £-r s ^ v 

[0 04 6] (#1316) #131 5{ClBt8©7V>ig 

B?iaS®lia^c?!l*i6BfrlB^S?r3>brH?f35v 
>if*s^(c^$n-5>^S©g&.5faia^© J 5 -^©ii> 
^«c< £fc 1 -3©®@^tcMUr. US£iafB#5rSfi-r 
50 SC£^S£-r-57-7>tfi?aS. 



(7) 
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[0 04 7] (#1217) #121 6{CfelS©7V>tf 
-rsfc«>©flffi{i-5t£. m&mig%mtr> 

[0 04 8] (#1218) #121 7CCiHiS©-7-?>if 
[0 04 9] 

imwommtj:®!®) . 
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